Whereas the basic wiring diagram of the mammalian central nervous system (CNS) is genetically preprogramed, its fine tuning throughout different phases of infancy, childhood, and adulthood are highly experience dependent. The potential neurobiological mechanisms and behavioral effects of such experience-dependent neuroplasticity as a function of stage of development are outlined. A basic thesis of this paper is that mechanisms involved in neuronal learning and memory, such as long-term potentiation (LTP) and long-term depression (LTD), are used and reused not only in the sculpting of the CNS in the initial establishment of connections, but also again in the molding of personality and behavior based on experience. It is postulated that for higher order processes such as emotional memory, such neuroplasticity is occurring at increasingly larger numbers of synapses and cell assemblies with increasing mechanistic complexity and self-organization. Just as overexcitation or deprivation can profoundly affect the development of the visual system, it is postulated that similar phenomena exist in the neural substrates of emotional and cognitive development. In addition, a secondary and potentially more widespread series of ramifications are likely to occur in the higher order and integrative systems, such as secondary and tertiary cortical association areas and prefrontal cortex that become the ultimate integrators of emotion and experience, leading to subsequent actions and plans for the future. This process is, by definition, plastic, and such remodeling is likely to take place not only at the level of the single synapse, but also at higher levels of network integration of which we currently have only the barest glimpse. Nonetheless, beginning to discuss the neurobiology of such self-organizing plastic systems may begin to change our conceptual approaches to psychopathology and open new avenues of therapeutics for the major psychiatric illnesses that are critically dependent on such higher order learning and memory mechanisms.
Introduction
sodic recurrence, based on their impact on gene expression. Such postulated mechanisms In previous papers on the neurobiology of de-for long-lasting changes are required for any velopment pertinent to psychiatric illness coherent theory of the recurrent affective dis- (Post, Weiss, & Leverich, 1994; Post, Weiss, orders (Post, 1992) , as well as posttraumatic Leverich, George, Frye, & Ketter, 1996) we stress disorders (PTSD) (Post, Weiss, & reviewed and discussed potential mechanisms Smith, 1995; Post, Weiss, Smith, Li, & Mc- by which psychosocial stresses and episodes Cann, 1997) . In the case of PTSD, a traumatic of affective illness could leave behind long-event with potential threat to life and limb is lasting neurobiological vulnerabilities to epi-definitional in the onset of an evolving series of neurobiological changes that have a substantial impact on mood, behavior, sleep, arousal, and memory. In the case of affectiveR. M. Post and S. R. B. Weiss 908 cient numbers of precipitated episodes, the ing both conditioned and unconditioned mechanisms. illness can begin to emerge spontaneously without evident external events.
Thus, in the case of PTSD and the recur-Amplification of Single Gene Effects rent mood disorders, single or repeated envi-on Behavior ronmental events are capable of triggering an array of neurobiological processes mediating Huntington's chorea provides an interesting genetic model for examining the impact of a diverse changes in sleep, mood, arousal, and endocrine function. Many of the biochemical single gene on the evolution of a complex neuropsychiatric syndrome (Brandt, Bylsma, and neuroendocrine concomitants of the two syndromes, as well as physiological changes Gross, Stine, Ranen, & Ross, 1996; Pleasant, Franz, Abbott, Folstein, & Ross, noted with positron emission tomography (PET), glucose, and blood flow imaging stud-1993). The gene on the short arm of chromosome 4 has been identified as the single culies, are widely divergent if not opposite in valence ( Figure 1 ). For example, in depression prit in the onset of the illness. This gene codes for the protein huntingtin, whose precise functhere is evidence of hypercortisolemia with downregulation of glucocorticoid receptors, tion and role in the death of cells in the striatum has not yet been elucidated. Nonetheless, whereas hypocortisolemia and upregulation of glucocorticoid receptors occur in PTSD (Ye-it is clear that encoded in this gene are a large number of triple-repeat sequences. As long as huda, Giller, Southwick, Lowy, & Mason, 1991) . Whereas there is evidence of left fron-one has less than 36 of these triple-repeat sequences, the risk for Huntington's chorea is tal hypofunction in depression (often in proportion to the severity of Hamilton-rated de-nil. However, if one has more than 40 triple repeats in the huntingtin gene, there is a subpression), PTSD is often accompanied by right frontal hyperactivity, particularly under stantial risk for late-onset Huntington's chorea, and with a greater number of repeats, earconditions that focus on the traumatic event or reexperiencing phenomena. Thus, diver-lier onset and greater severity of the illness results. It is of particular interest that affective gent behavioral and neurobiological alterations become manifest with this differential presentations, including both depression and bipolar illness, often precede the neurological impact of environmental experience as it interacts with genetic vulnerability. In this pa-or choreatic components of this illness, and the eventual, irrevocable progression of deper, we attempt to refocus on several themes related to these issues and emergent properties mentia and physical debilitation.
A number of interesting lessons are reof developing systems. We discuss how genetic vulnerability can lead to behavioral pa-vealed by Huntington's chorea, even though it is not yet adequately elucidated in terms of thology; that is, how altered single or multiple genes can lead to complex behavioral syn-its pathophysiology and is not a primary psychiatric disorder but a single dominant gene dromes such as recurrent unipolar or bipolar depression, schizophrenia, or other major psy-illness with nearly complete penetrance (in contrast to the emerging scenario for the machiatric disorders in which evidence of genetic vulnerability is well established. A sec-jor neuropsychiatric illnesses, that appear to be more complex and polygenic with respect ond major area of focus is how experiences occurring in early phases of the development to their inheritance vulnerability). The Huntington's chorea model illustrates that alof the nervous system can have particularly widespread ramifications for subsequent neu-though the sequence for huntingtin protein is encoded in every cell in the body, it is exral development and behavior. The third thematic area for exploration is how a stressful pressed in such fashion that it has a pathological impact on only certain cells in the striatum life event occurring in the mature nervous system can also have important ramifications as opposed to a variety of other brain or non-CNS structures that might also be prone to on subsequent behavior based on the longterm impact on gene expression, and involv-degenerative processes. Moreover, its pleo- Figure 1 . Schematic illustration of differences between posttraumatic stress disorder (PTSD) and depression at the level of physiology, metabolism, anatomy, neurochemistry, and circadian rhythms. In addition to the multiple disparities illustrated (e.g., blood flow, adrenal activation, cortisol responses, and pituitary size), there are also several similar abnormalities associated with both illnesses, including increased cerebrospinal fluid (CSF) levels of corticotropin releasing hormone (CRH) and blunted adrenocorticotrophic hormone (ACTH) response to CRH. These differences may ultimately be linked to the qualitative and quantitative distinctions in the inducing events, symptomatology, and treatment of PTSD versus depression. See Yehuda et al. (1991 Yehuda et al. ( , 1995 Yehuda, 1997) for a review of PTSD and for a review of the neurobiology of depression. REM, rapid eye movement sleep; SRIF, somatostatin; α2 R , α-2-adrenergic receptor; G R , glucocorticoid receptor. morphic psychiatric presentation and the tre-unknown specifiers that determine the focality of the lesion, and lead to the unique unfolding mendous variability in the age of onset are also striking in the face of such a single gene of Huntington's chorea and its variable manifestations. Presumably, the elucidation of mutation.
Thus, in a paradoxical fashion, one is mechanisms underlying this focality will provide clues as to the nature of the emergent forced to view the more focal onset of striatal pathology in Huntington's chorea from the properties of Huntington's chorea and its typical sequential unfolding of neuropsychiatric, perspective that there must also be multiple then neurological, and finally neurocognitive proliferative stimuli and the loss of inhibitory and tumor suppressor factors en route from a presentations. In this process it is likely that one will observe not only interference with polyp to a full-blown carcinoma. Additionally, further changes become apparent in the striatal function per se, but also how this structure interacts with and modulates a vari-process of metastasis that are also related to somatic mutations. ety of other circuits.
For example, Alexander, Delong, and In a parallel fashion we have suggested that there are multiple changes in gene exStrick (1986) have described a series of five parallel corticostriatal circuits involved in the pression, based on the impact of stresses, life experiences, and the illness itself, that unfold modulation of mood, motor, and other neurocognitive processes. To the extent that the in a sequential series of steps (not necessarily on the basis of somatic mutations, but nonestriatal lesions of Huntington's chorea interfere more selectively with one of these cir-theless involving alterations in gene expression). We have postulated that these, too, cuits, it could provide a mechanism for the differential onset of cognitive, motor, or involve both increases in the pathological driving force of some illness characteristics as mood impairments in different individuals.
Just as striatal cellular density progres-well as a loss of suppressor factors and compensatory mechanisms ; sively declines, presumably there are a variety of secondary compensatory attempts to adapt Post, Weiss, & Leverich, 1994; Post, Weiss, Leverich, George, Frye, & Ketter, 1996) . to such a process, some of which may be transiently helpful, whereas others may drive Given either one of the previously mentioned scenarios (of multiple vulnerability factors pathological processes. That is, cells may attempt to grow or sprout into the striatum to and/or a sequential series of impacts on gene expression), one is faced with a much greater replace degenerating or apoptotic cells, thereby engendering additional pathological number and complexity of factors driving psychiatric illness evolution than in the case processes in an effort to overcome the Huntington's defect.
of a single gene illness such as Huntington's chorea. The possibility of alterations in develGiven the plethora of factors that determine how the single gene defect of Hunting-opmental trajectories seems nearly endless, with both deviation in the pathological directon's chorea eventually expresses itself in such a variety of neuropsychiatric, neurocog-tion and amelioration through adaptive factors and exogenous psychotherapeutic and medinitive, and motor abnormalities, one can only imagine the additional complexity of the cation approaches.
Viewed from this perspective, the emeremergent properties of more typical psychiatric illnesses with their presumptive multiple gent properties of the illness would appear to depend very heavily on an interactive and ingene defects and vulnerability factors. With the current state of the search for single gene ductive process of genetic vulnerability and experience-dependent neuroplasticity. In the loci, and the examples from other branches of medicine, it is highly likely that a large series postulated polygenic variety of vulnerabilities that may be in place in the majority of major of genetic mediators will be found as risk factors for psychiatric illness, much like those of psychiatric illnesses, there is increasing room for exacerbation or amelioration by experiother diseases such as coronary artery disease and diabetes.
ence-dependent factors and a critical role for the properties of synapse and circuit formaIt is also possible that the model of malignant transformation in carcinogenesis, as out-tion to impact on behavior. In other words, as there is a greater influence of polygenic vullined in a previous paper (Post, Weiss, Leverich, George, Frye, & Ketter, 1996) , could be nerability, there is a parallel, if not geometric, increase in the influence of environment and a pertinent model for the impact of multiple genes on illness evolution. In the evolution of a minimization of the boundaries of inherited genetic determinism. As outlined in the folcolon cancer, for example, there are a multitude of steps involving both the turning on of lowing section, the profundity of the develop-Emergent properties of neural systems 911 mental impacts on the development and matu-deprivation is removed. Concurrently, the volume of cortex and ocular dominance columns ration of the CNS can, again, have increasing ramifications for the laying down of neural subserving the unblind eye expand into the reduced volume of cortex previously occupied pathways and subsequent vulnerabilities for psychopathology.
by the deprived eye. Experience-dependent neuroplasticity is involved in this adaptive process. Glutamate Epigenetic Processes of Setting receptor antagonists will block these primary Developmental Trajectories and compensatory changes (Bear, Kleinschmidt, Gu, & Singer, 1990; Kleinschmidt, Bear, & Hubel and Wiesel (1979) gave us an early glimpse of the potential impact on physiol- Singer, 1987; Miller, Chapman, & Stryker, 1989) . Shatz and colleagues (Goodman & ogy, anatomy, and function of the visual cortex based on experience. Our thesis is that Shatz, 1993; Katz & Shatz, 1996; Shatz, 1994) have begun to define some of the larger scale similar degrees of impact could occur in each of the primary sensory systems, and that processes involved in the elaboration of retinal fields and their associated links to cortical these, in turn, would have widespread implications for the development of emotional and cells that are pulled into integrated pathways with waves of neuronal activity and associcognitive systems, with their even greater dependence on secondary and tertiary associated ated calcium influx. Their studies provide elegant confirmation of the aphorism that cells areas of cortex. Thus, we suggest that one take the initial findings of Hubel and Wiesel that fire together, wire together. In development, this saying may be extended to include as a starting point for the potential impact that could occur in higher order systems involved the notion that cells that fire together, survive together, and wire together. Synaptic strength, in emotional, cognitive, and linguistic neural substrates and their dependence on learning both during development and again for sculpting memory in adulthood, may be dependent and memory.
The studies of Hubel and Wiesel (1979) on a balance between LTP and LTD ( Figure  2 ). Thus, in the face of inadequate input from and many other investigative groups have indicated that blocking visual input with a tem-the environment, not only is there synaptic down-regulation, but if of sufficient proporporary suturing of one eye changes the anatomy and function of the cortex, depending on tion, neuronal and dendritic retraction, and ultimately preprogramed or apoptotic cell death the duration of the blockade of sensory input and the timing in relation to CNS develop-(perhaps the final consequence of disuse in the CNS). ment. Short-term deprivation of the input into one eye can lead to reversible physiological What are the effects of such deprivation and its associated atrophy in systems related and anatomical changes in the cortex and ocular dominance columns. Suturing one eye shut to emotional and cognitive maturation? One can only hypothesize at the present time and leads to a compensatory enhancement of the nondeprived eye, with longer periods of vi-begin to examine the preliminary emerging evidence (Carlson, Cicchetti, Barnett, & Braunsual deprivation causing the changes to become relatively irreversible. We say "rela-wald, 1989). The classic studies of Harlow and associates (Harlow, 1958; Ruppenthal, tively" based on current data of the irreversibility of such defects; however, with increas-Arling, Harlow, Sackett, & Suomi, 1976) indicated that more than a wire or fuzzy cloth ing understanding of the processes of cell growth, neurogenesis, sprouting, and apop-surrogate mother was required for normal affective and emotional development in the pritosis, one can envision the possibility of reversing such processes in the future (Gage, mate. These findings mirror the earlier observations of the catastrophic results from Kempermann, Kuhn, & Gage, 1997; Minger, Fisher, Ray, & Gage, parental neglect and isolation in orphanages (Emde, Polak, & Spitz, 1965; Spitz, 1946 Spitz, ), 1996 . Deprived of visual input for enough time, the eye becomes blind, even after the and have been remirrored in modern times during the Ceausescu era in Romanian or-biochemical and anatomical level. Plotsky has taken these findings to the next level of defiphanages, in which neglect during early developmental periods has had catastrophic con-nition (Plotsky & Meaney, 1993) , and found that repeated bouts of maternal deprivation for sequences rivaling those of almost total starvation (Carlson & Earls, 1997 ; Kaler & only 3 hr a day on postnatal days 2 through 14 resulted in long-lasting hypercortisolism into Freeman, 1994).
Recently, more delimited types of experi-adulthood. This "permanent" resetting of the neuroendocrine axis was partially reversible mental evidence in this regard have been derived from studies of brief periods of stress by serotonin-selective reuptake inhibitor (SSRI) antidepressants. However, upon drug and maternal separation in the neonatal rodent (Plotsky & Meany, 1993 ). Sapolsky and Pul-discontinuation, the hypercortisolism returned. Not only did the SSRIs normalize the sinelli (1985) and McEwen (1994) demonstrated that neonatal stress or prolonged glu-endocrine abnormalities, but they also reversed the increased proclivity of animals uncocorticoid administration downregulated hippocampal glucocorticoid receptors, and, if dergoing repeated maternal separation to engage in a pattern of cocaine and alcohol sufficient, resulted in increased death of hippocampal neurons with associated perfor-administration in excess of their littermate, nonseparated controls (Plotsky, 1997) . These mance deficits. In contrast, Meaney, Aitken, Van Berkel, Bhatnagar, and Sapolsky (1988) data thus reveal crucial effects of early life experience on subsequent endocrine and bedemonstrated that neonatal handling for a brief period of time resulted in enhanced adult havioral responsivity. In this case, although these abnormalities can be reversed by approcognitive function when compared with unhandled littermate controls, and led to the priate antidepressant administration, the therapeutic effects are dependent on continued drug preservation of hippocampal glucocorticoid receptors and neuronal density in old age.
administration and revert to the baseline abnormal state when drug administration is disThese studies provide dramatic evidence for the potential long-lasting impact of early continued, revealing again the enduring nature of these CNS and behavioral resets based on experience on not only behavioral and cognitive function, but also on some of the impor-early experience.
The work of Coplan et al. (1996) and Pitant neural substrates mediating affect on a Emergent properties of neural systems 913 hoker, Owens, Kuhn, Schanberg, and Nemer-neonatal rats by humans. It was initially thought that this type of handling was a stresoff (1993) is also particularly revealing in this regard in relation to the subtleties of maternal sor of a minor nature, and of the sort associated with enhanced exposure to novel situadistress and its impact on endocrine function. In the Coplan study (1996) of primate off-tions and other enriched environments that resulted in the long-lasting positive effects on spring, families were housed under three conditions of difficulty of food availability as re-inhibition of cognitive decline and hippocampal cell loss in adulthood. However, recent quired of the mother primate. In one instance, food was plentiful; in another it was sparse studies have demonstrated that the mechanism for such long-lasting effects is the mother reand relatively difficult to obtain, but this was the expected circumstance; and in the third acting to the human smell on her rat pups that have been handled with an increased amount group, food availability was randomly varied between the two former conditions and thus of licking behavior, and it is this increased maternal attention that produces the protective unpredictable. It was reasoned that this lack of consistency might be the most distressing changes in hippocampal and cognitive function in old age (Liu et al., 1997) . and difficult circumstance to which the mother could adapt. Consistent with this preThese data are similar to those of Greenough and colleagues (Greenough, Black, & diction was the finding that the offspring of mothers so challenged had higher levels of Wallace, 1987; Wallace, Kilman, Withers, & Greenough, 1992) and many others showing cerebrospinal fluid (CSF) corticotropin-releasing factor (CRF), a putative marker of a the long-lasting consequences for CNS anatomy and biochemistry of enriched envi-CNS stress reaction and a concomitant of some types of severe depression in humans ronments. Increases in synapse number and dendritic sprouting, as well as in more macro- (Banki, Bissette, Arato, O'Connor, & Nemeroff, 1987) . Primates raised in families in scopic neuroanatomical characteristics, have consistently been revealed by such studies. which mothers had consistent difficulties in finding food showed no differences from Moreover, recent data from Gage and associates (Gage et al., 1995) indicate that stem those in which food was plentiful. Thus, the CSF CRF levels were only elevated in the off-cells are in the process of continued production in periventricular areas of the CNS even spring of mothers who were unable to predict food availability because of the random varia-into adulthood in rodents, replicating the initial findings of McEwen (1994) . Most retion of the experimental conditions. This study also highlights the potential dif-markable, however, is the observation that there is an increased differentiation of these ferential impact of stressful situations, particularly in the group of animals that were sub-stem cells into neurons, as opposed to astroglia, in animals exposed to enriched rather than jected to consistent difficulty in foraging for food. In that instance, mothers managed to normally sterile rodent environments. Gage and associates (Kempermann, Kuhn, & Gage, sufficiently adapt to the situation to avoid raising CRF levels in their offspring. Simi-1997) were able to show that there is a consistent pattern of stem cell generation in both larly, in the classic studies of Harlow and associates (Suomi, DeLizio, & Harlow, 1976) normal and enriched environments, but it is the ratio of neurogenesis to astrocyte genesis and McKinney (McKinney, Moran, & Kraemer, 1984) , substitute mothering by another pri-or cell survival that is changed by environmental complexity. mate, or even surrogate mothering by sibs and others in a peer group, did much to ameliorate These studies on the enhanced effects of environmental enrichment now stand in intermany of the major deficits of maternal deprivation.
esting juxtaposition to recent data from Zhang, Xing, Levine, Post, and Smith (1997) In perhaps the most elegant studies, Meaney, Aitken, Van Berkel, Bhatnagar, and Sa-indicating that 1 day of maternal deprivation is not only sufficient to decrease brain- depolsky (1988) have demonstrated the longlasting effect of brief periods of handling of rived neurotrophic factor (BDNF) in the hip-pocampus (at baseline or in response to the and the associated deprivation and neglect that may occur in such a context. The neglect mild stress of a saline injection), but also is associated with an increased proportion of might lead to relatively deficient development of neural systems subserving emotional and cells displaying apotagging of DNA endings, a putative marker of preprogramed or apop-cognitive modulation (Pollak, Cicchetti, Klorman, & Brumaghim, 1997 ; Rieder & Cictotic cell death. If these findings are confirmed and extended in other studies, then chetti, 1989) while at the same time, traumatic memories and experiences may be "branded" they would begin to suggest that the impact of even relatively short periods of maternal into the CNS, producing a double set of epigenetic maldevelopmental lesions. The neuroseparation (3 hr repeatedly) or deprivation (24 hr once) can change the developing nervous biological substrates of emotion and of social affiliation are just beginning to be explored in system in a fashion that could have lifelong consequences. In the face of deprivation rodent models and raise the possibility of much more refined documentation of the imrather than enrichment, if fewer precursor stem cells differentiate into neurons, and more pact of both neglect during critical periods of development and inadequate emotional input, cells show decreased development and dendritic retraction (plausibly because of decre-as well as the impact of traumatic events and their associated long-lasting memory traces. ments in neurotrophic factors such as BDNF), as well as preprogramed cell death, then one Winslow, Hastings, Carter, Harbaugh, and Insel (1993) and Insel and Shapiro (1992) begins to conceptualize multiple possible mechanisms for such long-term biochemical have begun to elucidate some of the different neuropeptides and neuropeptide receptors inand microstructural impacts of experience on the CNS. volved in animals with very different social and affiliative structures. For example, mounConversely, more active, acute stressors (beyond those of deprivation) that occur in the tain voles are highly solitary animals, in contrast to prairie voles, which form monoganeonatal period may be associated with longlasting deficits based on the acquisition of mous relationships and are very social. There are remarkable differences between these long-term memory traces. For example, in animals undergoing defeat stress in adulthood, strains in oxytocin and vasopressin and their receptors in a variety of limbic and other there are changes in not only neuropeptides, but also in neurotrophic factor gene expres-structures. How these preprogramed genetic differences interact with environmental expesion (Smith, Makino, Kvetnansky, & Post, 1995) . We know from studies in animals as rience and pharmacological interventions becomes an area of extreme interest in relation well as in humans that PTSD can leave indelible memory traces that are extremely difficult to the disorders of social affiliation so prominent in psychiatry, including the gross social to extinguish. The studies of LeDoux (1992) reveal that the relatively weak conditioned and cognitive impairments of autistic children, the autism of schizophrenia, the social emotional stressor of pairing a light with a mild electrical shock results in amygdala-de-withdrawal of depression, and the major social alterations and sensitivities that occur in pendent conditioned emotional behavior that, in the face of lesion-induced neocortical defi-both social phobia and in more classic panic disorder with agoraphobia. cits, appears to be almost unmodifiable by new experience of different contingencies.
Although genetic vulnerabilities have been documented in most of these syndromes, it is Thus, the early acquisition of emotional memory mediated through the amygdala in the also clear that a variety of other factors have an influence on whether such vulnerabilities absence of a fully developed cortex may be relatively fixed, as further suggested in the are expressed. Similarly, the ameliorative impact of other environmental responses to sosingle-unit recordings of Rolls (1992) .
One could then imagine the worst case sce-cial losses and traumatic events may be sufficient to prevent long-lasting consequences of nario in some young children undergoing both repeated episodes of physical or sexual abuse these events. We have already noted several experimental examples, and perhaps it is Experiential Impact on Gene Expression of Experiences in Adulthood worth reemphasizing the findings of Breier, Kelsoe, Kirwin, Beller, Wolkowitz, and Pickar (1988) that children who lose a parent early The literature on PTSD confirms that even in individuals with mature central nervous sysin childhood have an increased risk for psychiatric illness only to the extent that the re-tems, traumatic events may leave indelible memories and, in some instances, result in the maining parent does not adequately substitute for the loss. It is interesting that the impact of lifelong occurrence of PTSD. In many of the recent studies of PTSD, early lifetime traumas childhood parental loss on subsequent depression scores in adulthood in Army recruits var-also appear to be particularly robust, and may predict who is more likely to acquire PTSD in ied as a function of family size, with depression occurring only in multi-sibling families. adulthood (Yehuda, 1997; Yehuda & Siever, 1997 ; Yehuda, Kahana, Schmeidler, SouthPerhaps a mediating factor in this instance was the ability of the surviving parent to ade-wick, Wilson, & Giller, 1995) . Thus, even in adult onset PTSD, there appears to be an inquately manage a large family, and/or the relative neglect of the individual in the context fluence of earlier experience, although most investigators agree that these types of variof a large family with the loss of a parent. Whatever the mechanism, it is apparent that ables interact with severity of and proximity to the adult traumatic experience. One is now the subtleties of individual responsivity and responses by others in the environment may in a position to postulate the importance of such early experiential vulnerability on the make a dramatic impact on gene expression and the long-lasting consequences of trau-later experience of a traumatic event, as well as the likelihood that sufficiently severe traumatic and other types of experience pertinent to emotional and cognitive development.
matic incidents later in life may also be capable of inducing long-term behavioral and Although some have argued that the learned helplessness model may be more pertinent to mnemonic consequences.
The literature on neurobiological mecha-PTSD than to depression, it nonetheless clearly indicates an important, if not primary, role for nisms in the development of long-term memory in the mature CNS, although preliminary, "psychological" assessment of the situation, or on an animal-behavioral level, the context still provides a schema for such consideration (Figure 3 ). If one examines the models of sucof the experience. That is, animals that have no control over the mild foot-shock stressor cessively more long-lasting memorylike processes (from posttetanic, to short-term, to have much more profound behavioral, cognitive, and biochemical impacts from the expe-long-term, to very long-term potentiation), one finds the clear-cut principle of the emerging rience compared with those that receive the equivalent exposure to the stressor but have complexity of mechanisms involved, and the ultimately necessary involvement of changes the ability to control its termination by a lever press or nose poke (Glazer & Weiss, 1976 ; in gene expression at the level of the nucleus of individual cells, and of the "cementing" of Maier & Jackson 1977; Weiss & Glazer, 1975) . It is of interest that many of the behav-these processes with both pre-and postsynaptic biochemical and/or structural alterations. ioral and biochemical concomitants of the paradigm do parallel those observed in de-That is, posttetanic potentiation (PTP) and short-term potentiation (STP) may be medipression, even though the stressor is not homologous to stressors that may precipi-ated by local events at the synapse, whereas LTP requires new protein synthesis and aftate depression in humans. In this regard, the socially mediated defeat stress may be fords relatively greater "permanence" of the memory trace based on this type of promore pertinent to human depression and it, too, is associated with rather profound gramed biochemical and structural change of synapses. changes in corticotropin-releasing hormone (CRH), as well as neurotrophic factor gene As schematically illustrated (Figures 3, 4 ), this putatively involves a variety of receptor expression. and second messenger cascades reaching the development of a full-blown major motor seizure, and progressing to eventual spontaneous nucleus at the level of protein kinase A (PKA) and protein kinase C (PKC) initially, but ulti-(untriggered) seizures, there is a spatiotemporal expansion of the synaptic pathways inmately involving neurotrophic factors, such as BDNF, as noted above. In animals in which volved in such a memory trace (Clark, Post, Weiss, Cain, & Nakajima, 1991; Post & BDNF has been eliminated, PTP is preserved, but there is an absence of LTP (Korte, Staiger, .
Based on the initial studies of John, Tang, Griesbeck, Thoenen, & Bonhoeffer, 1996) . Thus, one can begin to envision a process at Brill, Young, and Ono (1986) it is estimated that in even a one-trial avoidance learning single synapses that has greater or longer lasting consequences for synaptic excitability. At task in the cat, as many as 100 million neurons are activated. Thus, in the case of an the same time, from the kindling model of memory (Goddard & Douglas, 1975 ; God-emergency situation, with presumptive high firing frequencies of some neurons, maximum dard, McIntyre, & Leech, 1969) , it is apparent that with each electrical stimulation increas-inhibition in others, and a retuning and refocus of the CNS toward maximal survival ing the long-term memory trace toward the Byrne and Kandel (1996) , indicating that during the evolution of presynaptic facilitation a transition occurs from the predominant involvement of protein kinase A (PKA) activation to that of protein kinase C (PKC) pathways. Ultimately, changes in calcium conductance and transmitter release result.
mechanisms, one could postulate an enor-smell of a banana (or, presumably, the touch of a banana), whereas other nearby neurons mous variety and complexity of neurotrophic, peptide, and retrograde messengers, and other are not sensitive to this stimulus. The "banana neuron" is relatively selective. It does not fire both "cementing" and depotentiating substances being released. Peptide cotransmitters in response to the sight, sound, and touch of a variety of other related food substances. Al- (Hokfelt et al., 1986) , in particular, are released under conditions of high firing frequencies, though the extensiveness of the memory trace of the "banana neuron" has not been meaand one could then presume enormous physiological changes in such emergency situa-sured, one could assume that a large number of neurons are involved in such an object entions, not only at individual local synapses, but also in networks containing extraordinary gram (Wang, Tanaka, & Tanifuji, 1996) and that there would literally be no single "banana numbers of synapses.
One could even imagine the involvement neuron" or "orange neuron" but a variety of circuits furthering the recognition of these of the potential genetic reprograming of virtually every neuron in the CNS during maximal stimulus properties. Similarly, emotional and history-dependent context could then be laid emergency situations, perhaps resulting in the highly evocable nature of the process, wherein down at the level of amygdala, hippocampus, and other substrates of learning and memory. many different stimuli become capable of triggering the large network of neurons inNeurons that respond specifically to facial features in relation to the identity of a primate volved, precipitating the traumatic memory with its sense of visual-emotional immediacy. have also been identified, whereas other neurons seem specifically tuned to changes in Such a potential process is described in more detail in chapters (Post, Weiss, & Smith, emotional Rolls, 1984) . These preclinical studies are now matched by a series of clinical type of paradigm may be pertinent to the acquisition of a variety of emotionally relevant studies indicating that normal volunteers activate portions of their temporal lobe when permemories, even short of those sufficient to induce a PTSD syndrome. A basic principle forming tasks involving facial identity, with even more anterior to temporal, insular, ormight eventually emerge of not only increasing local synaptic complexity and biochemi-bital, cortical, and other paralimbic activation involved with facial emotion recognition cal cascades in the nucleus associated changes in gene expression, but also a progressively (George et al., 1993) . Thus, there is a certain parallelism of the location and tuning of indilarger extension of this process to increasingly more neuronal pathways in the final vidual neurons that are specialized for different functions, and a larger circuitry and anacoding of the engram of singly or multiply induced memory traces. tomical localization when these functions are performed in a normal fashion, as revealed on Perhaps this type of process builds on what has now been elucidated as the basic para-PET, deoxyglucose, or blood flow scans. These findings support a certain convergence bedigm for acquiring knowledge about objects in the environment. For example, it is appar-tween the single unit and the larger network activated around these relatively specialized ent from recent studies in nonhuman as well as in human primates that shape, color, tex-tasks of facial identity versus facial emotion recognition. ture, and other elemental properties of objects are initially processed by separate neural pathWe have only the most preliminary glimpse of how this differential processing of environways, but then converge in the identification of such an object in secondary association ar-mental experience might relate to higher levels of more integrated behavior applicable to eas of brain. In this regard, Wilson and Rolls (1993) have putatively identified a "banana normal social and employment interactions (Bailey & Kandel, 1993) . Just as there are neuron" in which a single neuron unit fires in response to either the sight of a banana or the sensory fields in appropriate areas for neu-Emergent properties of neural systems 919 ronal responsiveness, there is now evidence for its completion. Parenthetically, for other neuropsychological tasks that are not depenthat there can be memory place fields in hippocampus or prefrontal cortex. One example dent on prefrontal cortical substrates, schizophrenics do not show the same impairment in comes from the work of Goldman-Rakic and colleagues who studied single units in the pre-function or in activation measured by metabolism or blood flow PET scans (Berman & frontal cortex of primates engaged in a variety of memory tasks (Funahashi, Bruce, & Gold-Weinberger, 1991) . Thus, one can begin to dissect some of the potential mechanisms inman- Funahashi, Chafee, & Goldman-Rakic, 1993) . Their basic paradigm volved in the normal and pathological function of this area of brain to see how relatively involved a monkey staring at a focal point and then having to press a button after a delay to focal changes in a given neuronal system (i.e., a change in the number of dopamine or GABA note where in the visual field around the focal point a given target appeared. For instance, a receptors or terminals) could be magnified to impair appropriate functioning of the network target would appear to the right of the focal point at the 3 o'clock location and then would necessary to successfully accomplish this task. Moreover, as we have seen, these could disappear. After an appropriately long delay, the animal would have to press a button at be engendered by inherited gene defects, perinatal insults (achieved by viruses, anoxia, or the 3 o'clock location to indicate that it had remembered where that target had been. Upon drugs), experience-dependent early developmental alterations, or later-in-life stressors, successful completion of this task, it would be rewarded with a food pellet.
particularly those that selectively affect cortical dopamine (Bradberry & Roth, 1989 ; Using this paradigm, Goldman-Rakic and colleagues have demonstrated that some neu- Deutch et al., 1996; Goldstein, Rasmusson, Bunney, & Roth, 1996 ; Sorg, Davidson, Kalirons fire in anticipation of the target appearing, others are specifically tuned to the loca-vas, & Prasad, 1997).
Notably, direct and specific dissections at tion in clock time, others maintain firing during the delay interval until a response is the level of single molecules can now be accomplished, even in discrete regions of the required, and then still other neurons fire when the successful response has been com-adult brain. In the majority of these geneknockout studies, the specific alteration is inpleted (Funahashi, Bruce, & Goldman-Rakic, 1989 ; Funahashi, Chafee, & Goldman-Rakic, duced prior to birth and remains in effect throughout neonatal development and adult-1993; Goldman-Rakic, 1990 . In this way, Goldman-Rakic is able to plot memory hood. Thus, any pathological behavior manifest in such a knockout animal could be related fields and differentiate patterns of neuronal firing in relation to very different components either to the developmental abnormalities induced by such a deficit, or to the lack of norof this specific task.
These types of tasks are of considerable mal function of this substance in adulthood. One such study involves mice that contain importance in relation to the prefrontal cortical deficits observed in schizophrenia and the a partial knockout of glucocorticoid receptor function. These animals showed hypercortisoassociated neuropsychological tasks with which schizophrenic patients have difficulty. lemia (probably secondary to deficient feedback from glucocorticoid receptors) and a vaFor example, the Wisconsin card sort involves holding memories of the rules of the game on riety of behavioral disturbances reminiscent of those observed in depression (Beaulieu, line to choose an appropriate card based on differences in visual or spatial cues. This in-Rousse, Gratton, Barden, & Rochford, 1994) .
These included increased sensitivity to stressformation must then be used to make correct choices of future cards. In contrast to normal ors, sensitization to startle, increased anxiety, and a variety of biochemical defects, all of volunteers, patients with schizophrenia not only fail to achieve excellent performance on which could be reversed by the administration of tricyclic antidepressants. Thus, this model this Wisconsin card sort task, but also fail to activate prefrontal regions of cortex necessary of a genetically altered mouse strain partially mirrors the hypercortisolemia of depression, based on the memory of spatial locations of previously rewarded targets in primates and allows the dissection of behavioral and biochemical components that may be specifi- (Goldman-Rakic, 1990 ).
Thus, these data provide unequivocal evically associated with such a defect manifest during both early development and adulthood. dence that, in the adult with normal development, discrete regional dysfunction in a speWith newer techniques, Kandel and associates (Tsien et al., 1996) have produced a ge-cific enzyme can inhibit normal learning and memory. One can only imagine the negative netic mutation that can be activated in mature animals and in a specific region of brain (CA1 consequences for such an animal in its natural habitat. If it could not remember places where of the hippocampus). These studies have advantages for interpretation of results, since food could be found, locations were safe, escape routes were present, etc., its survival any manifestations of the genetic abnormality must be attributable to the effect of that gene would be in grave jeopardy. Consequently, it is likely that such a defect would drop out of in the mature animal rather than being secondary to developmental alterations or compen-the gene pool.
Because of the prime importance of such satory mechanisms. In these studies, Tsien and associates (1996) inserted an antibiotic-key elements, as discussed by Tully (1996) in studies in fruit flies, only organisms having sensitive promotor gene that activates the enzyme calcium calmodulin kinase-2 (CaMK-II) relatively small or peripheral defects in the successful accomplishment of tasks involving when it is expressed in combination with another promoter. The expression of this gene is complex memory processes would survive and procreate. Accordingly, behaviorally relespecific for the CA1 region of the hippocampus, and the abnormality produced is a perma-vant defects are likely to be in systems that could at least be partially compensated for in nent activation of CaMK-II, such that it is not subject to normal regulation and response to relation to normal survival skills. To the extent that similar issues are in place in the environmental input. This enzyme is required for the induction of LTP in hippocampal slice major psychopathologies of adult psychiatric illness, they suggest that multiple "hits" or preparations and spatial memory in adult animals. multiple vulnerabilities may be required for the manifestation of a given abnormality. That The mice with abnormal CaMK-II function displayed impairments in the acquisition of is, along with a genetic vulnerability, several environmental alterations in neurochemistry the Morris water maze task, which is a test of spatial memory in which mice must learn to may be necessary before a system becomes fully dysregulated. Hence, many psychiatric swim to a submerged platform based on spatial cues from the environment. In addition, syndromes, as well as normal developmental trajectories, would appear to arise from a these mice were deficient in the formation of hippocampal place fields (Rotenberg, May-complex interaction of genetic vulnerabilities and experiential adaptations and maladaptaford, Hawkins, Kandel, & Muller, 1996) . In a normal mouse, different neurons in the hippo-tions.
Moreover, the fact that an animal with a campus will fire according to where the mouse is located in space (Wilson & McNaughton, supposedly critical neurochemical deficit from the time of conception can look relatively nor-1993). As the mouse moves through this space different neurons begin to fire based on the mal in adulthood suggests a certain redundancy in processes involved in development animal's previous experience in this environment. The mice with abnormal CaMK-II and maturation of the CNS, with a variety of alternative neurochemical pathways being function did not demonstrate adequate spatial place fields that could be modified by experi-able to take over the missing function. We know this to be the case because even the ence. Thus, one is able to map place cells based on memory in the hippocampus of ro-most massive lesions in childhood, such as hemispherectomy, can be almost completely dents, just as Goldman-Rakic and colleagues have mapped prefrontal cortical memory fields compensated for in children if performed Emergent properties of neural systems 921 early enough in life. More subtle CNS adapta-evaluation of the environment and its contingencies in relation to prior experience and tions are evident even in adults, as illustrated in the Silver Spring monkeys who had evi-conditioning, it would appear that both habit and representational systems might play imdence of remapping of their cortical somatosensory domains following the removal of portant roles in guiding new behaviors and in generating emotions, with a variety of autosome of the digits on their hands (Pons, Garraghty, Ommaya, Kaas, Taub, & Mishkin, matic and reflexive responses involved as well. LeDoux (1994) makes the case that the 1991). The sensory receptive field for the absent digit was markedly reduced, whereas the innate fear of snakes in a primate may involve a direct path from the amygdala to motor outamount of cortical tissue sensitive to the remaining digits expanded. This kind of plastic-flow pathways, whereas a more considered deliberation of the situation (such as the evality thus appears evident not only in young or intermediate-aged animals, but also in adults. uation of whether the snake is dead or alive or behind a glass cage) might involve a longer What are the implications of these new and remarkable findings on discrete lesions of a loop processing through the cortex before a response is made. Obviously, the emotional chemical substance (CaMK-II) in a specific area of brain (CA1 of hippocampus) in rela-concomitants of these different situations would be highly varied, depending on whether the tion to cognitive processes in higher level behavioral tasks? It would appear reasonable to snake was, in fact, alive and ready to strike, or whether it was safely ensconced behind a postulate that just as the qualities of discrete objects are initially sensed in different areas thick plate glass in a zoo. Knowing the difference between these two situations could, of brain and then brought together and synthesized for object recognition, a variety of com-again, clearly be a matter of life and death for many animals in the wild as well as for the ponents of external and/or internal experience interacting with present experience are brought human primate.
Consequently, we are attempting to make together in relation to behavior evidenced at any given point in time.
the case that complex behaviors and emotions may be built on integrations, reintegrations, Whereas different strains of animals can be bred for increases in flight or fight behavior, and new syntheses of past and ongoing life experiences coded in multiple areas and netit is equally apparent that these changes can be induced by environmental experience, ex-works of the neocortex, cerebellum, and limbic system, as well as even more automatic posure to intruder animals, kindling of the amygdala and ventral hippocampus (without reflexes in brain stem and spinal cord. Moreover, we know that many of the neurotransevoking a seizure) (Adamec, 1991), or repeated maternal or peer separations. Recently, mitter and synaptic networks involved are highly modifiable by further experiences. The Meunier, Hadfield, Bachevalier, and Murray (1996) , Mishkin and Appenzeller (1987) , degree of plasticity may be enormous, as revealed by recent data in hippocampal and Squire and Zola-Morgan (1991), and others have defined a differential neuroanatomy and amygdala slice preparations (Figures 2, 3) wherein either LTP or LTD can be observed biochemistry of two different types of memory, that of representational memory involv-to enhance or inhibit excitability of specific synapses (Malenka, 1995) . This bidirectional ing limbic structures versus habit memory particularly dependent on striatal substrates. adaptation may have a certain parallelism between the development of kindling versus Representational memory is conscious and amenable to one-trial learning, whereas habit quenching in the whole animal preparation (Figure 5 ), as demonstrated by Weiss and colmemory appears to be implicit, relatively automatic, and function on an unconscious basis leagues (Weiss, Li, Rosen, Li, Heynen, & Post, 1995; Weiss et al., in press ), although such as in riding a bicycle or driving to work while listening to a radio and not concentrat-the precise input of frequency versus low level DC current and other parameters reing on the road.
If ongoing behaviors represent an ongoing mains to be elucidated. Similarly, evidence is emerging that increases and decreases in neu-that Abraham and Bear (1996) have labeled "metaplasticity." They state, " . . . that the deronal excitability can be achieved in the awake-behaving human when stimulated with gree or direction of synaptic plasticity induced by a particular pattern of conditioning repeated transcranial magnetic stimulation (rTMS) of the brain depending on the fre-stimulation cannot be predicted unless the previous stimulation history of the tissue is quency of stimulation (George et al., 1995; Kimbrell et al., 1997; Pascual-Leone, Graf-known" (p. 129) . We can expect other forms of metaplasticity to emerge, including that in man, Cohen, Roth, & Hallett, 1997; . Higher frequencies of stimulation convergent activity-dependent synapses involving a combination of higher cortical funcsuch as those used to induce LTP of kindling may be associated with enhanced global cere-tions.
The potential clinical implications of such bral glucose utilization in patients given rTMS (George et al., 1995) . Lower frequen-recognized metaplasticity are already open for experimental examination. Is the decrement in cies such as 1 Hz administered for longer periods of time (15-20 min), which produce glucose utilization following 1 Hz magnetic stimulation in patients with PTSD, who have LTD in the amygdala and hippocampal slice, decrease glucose utilization in normal volun-increased blood flow or glucose utilization in their right frontal and paralimbic areas of teers (Kimbrell et al., 1997) and in patients with PTSD (McCann et al., in press ). Thus, it brain during traumatic recall, greater than in normal volunteers whose basal state of synapis evident that single synapses, large networks involved in neuronal excitability, and even tic excitability has not been raised to this degree? Kimbrell has demonstrated that normal more widespread processes in the human cortex involved in PTSD are capable of being volunteers do have decrements in metabolism when given 1 Hz stimulation over the left influenced bidirectionally either in a decremental fashion by longer 1 Hz stimulation or frontal cortex (Kimbrell et al., 1997) . Whether the decremental response is larger in the in an incremental fashion by more acute stimulation with higher frequencies.
presumptively potentiated systems in patients with PTSD compared to these normal This frequency dependence of synaptic and neuronal excitability is but one of a potential volunteer controls remains for further clarification. myriad of factors influencing ongoing neural and behavioral responsivity. Factors such as Given this emerging view of the possible synaptic flexibilities of metaplasticity in neunumber of repetitions (Figure 6 ), environmental context, psychological state, prior history ral substrates, such as in the hippocampus (devoted to cognitive function) and in the amygand experience, and rate dependency markedly affect responsivity. In this regard, it is dala (devoted to emotional function), one can only surmise the implications for a tertiary noteworthy that even in response to the same 1 Hz stimulation for 15 min, there can be re-and quartenary association area of the brain, such as prefrontal cortex. Presumably, the markable differences in long-term response in the amygdala depending on the prior history same neuronal inputs could change their excitatory-inhibitory signatures in a long-lasting of stimulation. Li and associates (1997) have observed that, paradoxically, in an amygdala manner, based on an integration of both state and history, as well as the relative balance slice preparation, 1 Hz stimulation for 15 min results in LTP in neurons that have not been from striatal (automatic habit memory) systems and their dual control by internal and expreviously stimulated. In contrast, if these neurons were previously potentiated by te-ternal cues, and temporal limbic (representational) memory systems likewise based on an tanic stimulation sufficient to induce STP, then the same 1 Hz stimulation for 15 min integration of internal and external cues.
In this way one could begin to imagine the results in LTD of that synapse or depotentiation. Thus, the prior state of neuronal excit-impact of the concept spelled out so elegantly in the book Bright Air, Brilliant Fire: On the ability influences the direction of this type of longer-term synaptic adaptation, a process Matter of the Mind (Edelman, 1992) on how Figure 6 . Across a variety of memory paradigms and preparations, involving biological systems from Aplysia to man, increasing numbers of inducing stimuli appear to engage new and more long-lasting mechanisms. This common principle in self-organizing systems emerges from congruent findings in studies of presynaptic facilitation, long-term potentiation and depression (left panels), and cocaine and stress sensitization, and episode sensitization in manic-depressive illness (right panels). V-LTD, very long-term depression; V-LTP, very long-term potentiation; CER, conditioned emotional response.
the nearly unimaginable complexity of the hu-goes into this calculation? There are some 12 billion neurons in the nervous system, each man brain allows for not only the possibility of long-term memory and learning but, ulti-with 10-100,000 synapses, with countless dendritic and axonal spines and terminals, each mately, also the neurobiological background for volition and the philosophical concept of of which is highly plastic on a brief or longerlasting time domain. This enormous potential free will. Edelman makes the argument that it is the complexity of the human CNS that for complexity, evolution, and change based on associative networks which, themselves, allows for the emergent properties of this type of higher order functioning, including abstract contain hundreds of millions of elements, gives rise to the human conceptual potentials reasoning, language, and self-awareness. What about which Edelman speaks. In addition, each choanalytic stages of conceptual and interpersonal development. cellular element is itself constantly changing and adapting, based on its inputs and multiple Given this primitive view of the emerging properties of such a network, one could begin cascades of focal and intranuclear regulators, which can preprogram the genetic machinery to conceptualize that the loss of a crucial individual in the environment and the associated and protein chemistry of the cell for growth and differentiation or dendritic retraction, qui-grief reaction could represent a type of physiological withdrawal reaction at the level of escence, and apoptotic cell death. "Structures evolved that permit significant correlations network dynamics involving the schemata of that individual. Instead of the usual firing between current ongoing dynamic patterns and those imposed by past patterns. These of pathways involving the crucial individual on a conscious representational and unconscious structures all differ, and memory takes on its properties as a function of the system in habit memory level, the absence of that individual could precipitate a resculpting of the which it appears. What all memory systems have in common is evolution and selection. network, acutely at first (like a precipitated absence reaction) and then more gradually Memory is an essential property of biologically adaptive systems" (Edelman, 1992, p. with the resolution of the grief reaction and a replacement of the lost individual with others 204).
In this fashion, one could conceptualize the in the environment in terms of both psychological and neurophysiological schemata. view of the emergent properties of the concept of an infant's mother who, in the first
We engage in this brief look to the future with the awareness that this type of analysis days of life, would occupy most of his or her stimulus properties, sensory awareness, and of the emergent properties of representational networks will be only one stage in a series of relation to the world in terms of comfort and drives of hunger and the like. It appears from attempts to uncover some of the neural mechanisms involved. The current level of analysis the Piagetian perspective that these schemata would gradually evolve into a conceptualiza-is very focused on the discovery of single genes with the sequencing of the entire human tion of others in the environment and differentiation of them from the self. In this evolving genome. However, "with a hundred thousand genes in the human genome, it's going to be process one could imagine the continual resculpting of these larger representational net-extremely difficult to figure out how each gene works individually," says Velculescu works, just as there is now evidence for a continual process of evolution in receptor subtype (Hopkin, 1997) . "In a Boolean network, first studied by Stuart Kauffman of the Santa Fe based on the composition of its subunits in the excitatory glutamatergic system and in the Institute, each gene switches on and off, depending on whether other specific genes in the inhibitory GABAergic system, as prototypic examples. The synaptic networks are in a state network are on or off," (Hopkin, 1997) , and "Half of what proteins do depends on their of continual rearrangement on both a micromolecular basis at the level of neurotransmit-touching one another," says Roger Brent (Hopkin, 1997) . Thus, focus on this level of ter and receptor subtype, as well as on a larger integrative basis for the synthesis of objects study of emergent properties will likely require new techniques and new technologies in in the environment, including food and individuals such as self and others. Synaptic strengths the future, just as the tools of modern molecular neurobiology have begun to explore the are continuously in evolution as well, sculpted by processes of LTP and LTD-like enhance-consequences of single gene defects in specific regions of the brain. Nevertheless, underment and decremental processes, respectively. Neuronal networks and "territory" initially standing of this higher order of emergent properties of systems may be important in the occupied with processing of schemata for parents may increasingly be retuned to encom-understanding of some neuropsychiatric illnesses. For example, Iasemidis and Sackelpass that of spouse and others, as one moves through the Piagetian, Eriksonian, and psy-lares (1996) evoke some of the basic concepts of nonlinear dynamics and chaos in conclud-tem becomes more highly ordered and less chaotic, it becomes increasingly prone to seiing, "The epileptogenic hippocampus initiates or participates in a seizure if and only if con-zures. We look forward to the next generations of study of emergent properties of selfditions of a long-term (order of several minutes) spatiotemporal dynamical entrainment organizing systems that will lead to a better understanding and treatment of a variety of of a critical mass of interconnected regions of temporal and frontal cortex are met" (Iasem-complex neuropsychiatric disorders. idis & Sackellares, 1996, p. 125). As the sys-
